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IDENTIFICATION OF PIN-OPEN FAULTS BY 
CAPACITIVE COUPLING THROUGH THE 

INTEGRATED CIRCUIT PACKAGE 

This is a continuation-in-part of application Ser. No. 
631,609, filed Dec. 29, 1990, now US. Pat. No. 
5,124,660, Jun. 23, 1992. 

FIELD OF THE INVENTION 

This invention generally relates to measuring and 
testing devices and more particularly relates to in-cir 
cuit testing devices. Still more particularly, the inven 
tion relates predominantly to in-circuit testing of con 
nections between integrated circuits or other compo 
nents and a circuit assembly. 

BACKGROUND OF THE INVENTION 

In this speci?cation, the terms circuit assembly and 
printed circuit board will be considered interchange 
able. The term circuit assembly includes printed circuit 
boards as well as other types of circuit assemblies. A 
circuit assembly is a combination of electrical and elec 
tronic components and the electrical conductors that 
connect those components. The resulting combination 
is manufactured to form a physical or functional unit. In 
this discussion the term trace is used to describe these 
connecting electrical conductors, particularly on a 
printed circuit board. The term node includes the elec 
trical connections comprising such a conductively con 
nected path, including the connection pins of the com 
ponents. Generally, the term node does not include 
circuitry inside of the components that is not conduc 
tively connected to the terminal connections of said 
components. 

In this speci?cation, the term integrated circuit is 
used to describe a class of components attached to a 
circuit assembly. This term is not used to limit the appli 
cation of the disclosed invention to integrated circuits. 
The current state of the art is such that a major contri 
bution of this invention is in testing components which 
are integrated circuits. 

It is important that electronic components and 
printed circuit boards be tested after the components 
have been soldered to the printed circuit boards. Sev 
eral different approaches have been developed for test 
ing the components and printed circuit boards, includ 
ing functional testing, in-circuit testing, and manufac 
turing defect analysis. 

Functional testing uses a procedure of applying pre 
determined input signals and monitoring the output of a 
printed circuit board to determine if all of the compo 
nents are present and operating properly on the circuit 
board. While functional testing provides a way of deter 
mining whether the printed circuit board is functioning 
properly, it provides little or no information regarding 
the functioning of individual components on the board. 
Complex programming techniques have been used to 
provide limited information as to the location of non 
functioning components on the board by carefully se 
lecting input data and analyzing the output results. Such 
systems are complex, often costly to implement, and 
normally provide only vague information as to the loca 
tion of malfunctioning components. 

Because of the limitations of functional testing, in-cir 
cuit testing techniques have been used to individually 
test the components on the printed circuit board to 
determine if these components are installed and work 
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2 
ing properly. This process uses a “bed of nails” ?xture 
to access each individual component and test that com 
ponent individually. In this manner, non-functioning 
components can be identi?ed and replaced to prevent 
the entire circuit board from being scrapped. This pro 
cess works well for simple components where the cir 
cuit inside the component is known and can be easily 
tested. If the component being tested is very complex, 
or if the circuit inside the component is unknown, in-cir 
cuit testing may not achieve satisfactory results. 

Manufacturing defect analyzers are another class of 
testing devices that provide simpler tests and are less 
expensive to implement. These devices are designed to 
locate manufacturing faults, such as shorts on a printed 
circuit board, missing integrated circuits, bent compo 
nent pins, etc. Although these devices do a reasonably 
good job of ?nding shorts and gross analog faults, they 
are marginally satisfactory for testing digital sections‘ of 
the board. 
One very important requirement that must be ad 

dressed for every printed circuit board is that all the 
pins of every component must be soldered to the circuit 
board. Functional testing may miss a particular pin if 
the functions performed by that particular pin are not 
thoroughly tested in the functional test. Testing for this 
type of fault is particularly difficult when the circuit 
inside the component is unknown, such as the case with 
application speci?c integrated circuits (ASICs). Be 
cause of the large number of ASICs and the complexity 
of these devices, it is often not feasible, for reasons of 
time or cost, to design an in-circuit test or a functional 
test to isolate a fault on this type of component. 

Prior art in the area of connection veri?cation by 
capacitive connection includes UK Patent GB 
2143954A, by Michael Rignall. Rignall cites one of the 
main reasons for capacitive coupling in verifying net 
works of a circuit assembly or printed circuit board as 
being the lack of the need of an ohmic contact. It is 
recognized that ohmic contact probes are susceptible to 
contamination on the contacting surfaces. This contami 
nation can cause improper test decisions to be made 
such that an open is diagnosed as being in the circuit 
under test when, in reality, the test contact is faulty and 
the circuit is not faulty. Rignall teaches that the connec 
tivity of a conductive connection, isolated from other 
circuitry, can be veri?ed by capacitive coupling to 
extreme ends of a conductive trace on the circuit assem 
bly. Rignall teaches that such capacitive coupling al 
lows the test to be made without a contacting connec 
tion to the trace. 

SUMMARY OF THE INVENTION 

Accordingly, a primary object of the present inven 
tion is to provide improved apparatus and methods for 
testing the integrity of a connection between a pin of an 
electrical component and a printed circuit board, or 
circuit assembly. 

Systems in accordance with the present invention 
determine whether connection pins of a component of 
the assembly are properly connected to the circuit as 
sembly. According to the present invention, a system 
for measuring the integrity of an electrical contact be 
tween a connection pin of an electrical component and 
an electrical circuit assembly comprises signal supply 
ing means for supplying an electrical current; measuring 
means for measuring a parameter indicative of a capaci 
tance associated with the connection of the connector 
pin of the component to the circuit assembly; a conduc 
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tive electrode, connected to the measuring means, com 
prising a surface adapted to be placed in proximity to a 
surface of the connection pin; an electrical connection 
from the output of the signal means to the connection 
pin being tested; and an electrical connection between 
at least one other node of the circuit assembly and the 
common signal return of the signal means. 

Preferred embodiments of the present invention fur 
ther comprise error indicating means for-indicating an 
error condition whenever the said parameter is not 
within predetermined limits. A measurement lower than 
the low limit indicates an open pin. Measurements ex 
ceeding the high limit are indicative of other faults, such 
as an open ground or power pin on the component. 
The measuring means may advantageously comprise 

means for measuring an electrical current or voltage 
between the conductive electrode and the common 
signal return of the signal supplying means, these op 
tions representing preferred embodiments of the inven 
tion. Alternatively, the connections to the signal sup 
plying means and the measuring means may be inter 
changed. Such an interchanged con?guration is useful 
when the impedances paralleling the measuring means 
are known to be high enough to not adversely affect the 
repeatability of the measurement. These impedances are 
comprised of both impedances on the circuit assembly 
and impedances in the measurement system. 
The current measuring means in other embodiments 

of the invention also comprises means for holding the 
current measurement connection to a virtual ground. 
This virtual ground may be implemented with conven 
tional operational ampli?er circuitry. 

In addition, a computing means may be operatively 
coupled to the measuring means to compute the effec 
tive capacitance and determine when the measured 
parameter falls outside predetermined limits such that a 
determination is made that the pin being tested is diag 
nosed as being open. In other embodiments, the com 
puting means may make such a determination based on 
the units of the measurement without converting to 
units of capacitance. 
The conductive electrode is effective if it is near the 

conductive circuit of the component lead being tested. 
This includes both the actual exposed conductive lead 
material as well as conductive lead material separated 
from the conductive electrode by insulating material in 
the component. Since the insulating material has a di 
electric constant higher than that of air, the measured 
response is higher than if the insulating material had 
been replaced by an air gap of the same separation. 

Preferred embodiments of the invention use a metal 
lic electrode, such as copper foil, placed on top of a 
non-conducting component package. A connection is 
then made, through a bed of nails ?xture, to a printed 
circuit board wiring trace that connects to the compo 
nent pin being tested. This connection is in turn con 
nected to an oscillator (signal means). The foil electrode 
in one embodiment of the invention is connected to an 
ac current measuring means. The oscillator is set to 
apply a voltage to the component pin being tested. The 
oscillator is typically set to 0.2 volts RMS amplitude 
and a frequency near 10 kilo Hertz (Khz). At least one 
other node of the circuit assembly is connected to the 
common signal return of the oscillator. Typically the 
pin of the component which is attached to the circuit 
assembly ground plane is among the pins chosen to be 
connected to the common signal return of the oscillator. 
Often, all nodes of the assembly, other than the node 
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4 
that includes the pin being tested, are connected to the 
common signal return of the oscillator. 
Because the metallic electrode typically covers the 

entire component, it also capacitively coupled to all 
other pins on the package. This structure forms capaci 
tors between each of the component pins and the con 
ductive electrode. The component also exhibits capaci 
tance between each pair of pins of the component. This 
capacitance is formed both by the capacitance between 
the leads of the pins as well as internal capacitances 
inside the die of integrated circuits. Additional capaci 
tances are found between pairs of printed circuit traces 
that are attached to the component being tested. Addi 
tional capacitances are typically found from each 
printed circuit board to the ground planes of the printed 
circuit board. These capacitances are typically on the 
order of 10 pico Farads (10 pF). In some cases they may 
range from 1 or 2 pF to as high as 100 pF. 
The effects of these intrinsic capacitances is best ex 

amined by circuit modeling and analysis. FIG. 7 shows 
a circuit model for analyzing the performance of the 
preferred embodiment when these intrinsic capaci 
tances are assumed. In this model, the current measur 
ing means is composed of an AC voltmeter measuring 
the voltage across a resistor. This example employs a 
component (integrated circuit) with four connection 
pins. One of the four pins is connected to the circuit 
assembly ground plane. It is assumed that the capaci 
tance from each of the connection pins to the conduc 
tive electrode is 0.040 pico Farads (0.040 pF). It is also 
assumed that the intrinsic capacitances discussed above 
are ten pico Farads (10 pF). The signal means is as 
sumed to be set to 0.2 Volt RMS and a frequency of 10 
kilo Hertz (10 kHz). The capacitance being measured is 
assumed to be that value of capacitance which could 
replace the entire capacitive network, that is the capaci 
tance which would be connected directly between the 
signal means and the current measuring means. The 
solution of this problem could be attained by solving 
equations manually. However the solutions presented 
here were attained by use of commonly available net 
work analysis programs for digital computers. The cir 
cuit was analyzed under six conditions. Three condi 
tions re?ect three measurement con?gurations dis 
cussed herein. For each of these measurement con?gu 
rations, two circuit assembly conditions are examined: 
one with all pins soldered; the other with one of the pins 
having an open connection. 
The ?rst con?guration represents the case of the 

prior art (Rignall), where a means for connecting at 
least one other pin to the common signal return is not 
provided. 
The second con?guration represents improvements 

afforded by connecting the ground connection of the 
component to the common signal return. 
The third con?guration represents improvements 

afforded when all nodes of the assembly, other than the 
node comprising the pin being tested, are connected to 
the common signal return. 
The following table represents the results of the anal 

ysis: 

Effective Eguivalent Capacitance 
Tested Pin 

Con?guration Connected Tested Pin Open 

No other pins 0.1598 pF 0.1591 pF 
connected to 
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-continued 
Effective guivalent Capacitance 

Tested Pin 
Con?guration Connected Tested Pin Open 

common signal 
return 
A ground pin 0.0800 pF 0.0319 pF 
connected to 
common signal 
return 
All other pins 0.0400 pF 0.0001 pF 
connected to 
common signal 
return 

From the table it is clear that, without at least one 
other pin connected to the common signal return, the 
difference between an open and a short can not be de 
pendably measured. Not only is the difference (0.0007 
pF) lower in capacitance than can be readily measured 
in reasonable time, but the unit-to-unit variations in 
intrinsic capacitances would be many times this differ 
ence. 

The second con?guration shows a condition which 
has over 0.040 pF variation between open and short. 
This is readily measured in reasonable time. The resid 
ual measurement, with the tested pin open, is less than 
half the measurement with the pin connected. This 
means that unit-to-unit variations will be smaller than 
the change due to an open. This is a requirement for a 
reliable test. 
The third con?guration shows the case where all 

other pins are connected to the common signal return. 
Not only does the connected pin read virtually as ex 
pected, but the residual with the pin open is almost zero. 
The modeling results clearly illustrate the strengths 

of the invention herein described. The results of the 
analysis closely agree with actual measurements on 
printed circuit boards. It is also clear that power and 
ground planes and nodes provide a propagation means 
for undesired capacitive effects. In the present inven 
tion, these undesired effects are reduced by attachment 
of other circuit assembly nodes to the common signal 
return lead of the signal means. 

Alternatively, the invention can be implemented with 
a voltage measuring means. In this case, current is still 
being measured, albeit indirectly. The voltage measured 
represents the current flow across a parallel impedance 
(often largely capacitive) formed mostly by uncon 
trolled stray capacitances. The variability of these stray 
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capacitances is a major reason that this is not the pre- 50 
ferred embodiment. Measurement with a current mea 
suring means usually presents a low impedance that 
minimizes the error causing currents that ?ow through 
these stray capacitances. 

Rignall’s teachings in UK Patent GB 2143954A do 
not suggest applying his technique to veri?cation of 
circuit assemblies already loaded with components. If 
one tries to apply Rignall’s technique to the problem of 
open component lead connections, one quickly is faced 
with the large problem of stray capacitances supplied 
by both the printed circuit board and the internal capac 
itances of the component itself. 
The present invention avoids the disadvantages of 

Rignall’s approach by connecting those troublesome 
common power connections to the common signal re 
turn lead. The present invention also makes use of a low 
frequency signal (typically near 10 kilo Hertz). This 
choice of frequency allows a low impedance connection 
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between the circuit assembly and the common signal 
return connection. Operation at higher frequencies, 
such as 10 mega Hertz, result in the inductance of the 
connection to the common signal return lead being 
much higher. This in turn leads to much greater prob 
lems of spurious responses and the accompanying lack 
of resolution necessary to conclusively diagnose open 
circuits on the component connections. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a schematic diagram of a system in 
accordance with the present invention. 
FIG. 2 shows a top cutaway view of an integrated 

circuit. 
FIG. 3 shows a side cutaway view of an integrated 

circuit and illustrates, along with FIG. 2, how capaci 
tive coupling occurs. 
FIGv 4 shows an integrated circuit and associated 

printed circuit traces, and illustrates stray capacitance. 
FIG. 5 shows the invention being used to test a plu 

rality of integrated circuits on a printed circuit board. 
FIG. 6A shows in a simpli?ed manner the use of the 

present invention in checking a solder joint of a pin of 
an IC; FIGS. 6B and 6C depict electrical equivalent 
circuits for the case in which the solder joint is a “good” 
solder joint (FIG. 6B) and the case in which the solder 
joint is a “bad” solder joint (FIG. 6C). 

FIG. 7 shows an electrical model used to analyze one 
embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The following description is of the best presently 
contemplated mode of carrying out the present inven 
tion. This description is not to be taken in a limiting 
sense but is made merely for the purpose of describing 
the principles of the invention. The scope of the inven 
tion should be determined by referring to the appended 
claims. 
FIG. 1 shows a schematic diagram of one embodi 

ment of the invention. Referring now to FIG. 1, the 
system of the present invention 102 uses an oscillator 
104 which supplies an alternating current signal, typi 
cally ten kiloHertz (10 kHz) at 0.2 volts. The output of 
the oscillator 104 is connected to the pin under test 112. 
A conductive electrode 106 is placed on top of the 
component package 110. An insulator 108 may be 
placed between the electrode 106 and the component 
package 110. The electrode is connected to a current 
‘measuring device, such as an ammeter, 116. Another pin 
120 of the component is connected to the common 
signal return 122. Typically the other pin 120 is chosen 
to be a power or ground pin of the component 110. The 
other pin 120 is typically tied to a power or ground 
plane on the assembly. 
When the test is performed, the oscillator voltage is 

applied to a trace 114 on the circuit assembly which 
should be attached to the pin being tested 112. The 
oscillator voltage then appears on the pin 112 of the 
component. Through capacitive coupling, a current is 
passed to the electrode 106 and then to the current 
measuring device 116. If the measured current falls 
between predetermined limits, then the pin 112 must be 
connected to the component 110 at location 118. If the 
pin 112 is not connected at location 118, no current will 
be conducted to the electrode 106 and no current will 
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be measured by the ammeter 116, indicating that a pin 
open fault is present. 
When the test is performed, the oscillator 104 is acti 

vated and a current is conducted to the electrode 106. 
Through capacitive coupling, the current is passed to 
the pin 112 of the integrated circuit 110. The current 
112 then passes through a connection to a printed cir 
cuit board trace 114 and the current then passes to the 
ammeter 116 which measures the amount of current. If 
a threshold amount of current is measured by the amme 
ter 116, then the pin 112 must be connected to the inte 
grated circuit trace 114 at location 118. If the pin 112 is 
not connected at location 118, no current will be con 
ducted to the integrated circuit trace 114 and no current 
will be measured by the ammeter 116 indicating that a 
pin open fault is present. 
When the test is performed, the oscillator voltage is 

applied to a trace 114 on the circuit assembly attached 
to the pin 112 being tested. The oscillator voltage then 
appears on the pin 112 of the component. Through 
capacitive coupling, a current is passed to the electrode 
106 and then to the current measuring device 116. If the 
measured current falls between predetermined limits, 
the pin 118 is judged to be connected to the circuit 
assembly at location 118. If the pin 112 is not connected 
at location 118, no current will be conducted to the 
electrode 106 and no current will be measured by the 
ammeter 116, indicating that a pin open fault is present. 
FIG. 2 shows a top cut away view of the integrated 

circuit component 110 and the electrode 106, and FIG. 
3 shows a side cut away view of the integrated circuit 
component 110 and the electrode 106. FIGS. 2 and 3 
illustrate how the capacitive coupling occurs between 
the electrode and the pins of the integrated circuit. 
Referring now to FIGS. 2 and 3, the integrated circuit 
package 110 contains an integrated circuit die 202. The 
integrated circuit 202 contains connections, however, 
these connections must be made to the outside of the 
integrated circuit package 110. Therefore, the pin 112 is 
connected to an internal conductor 204 which connects 
the pin 112 to a location just adjacent the integrated 
circuit 202. There, a small wire spans between the con 
ductor 204 and a location on the integrated circuit 202. 
Similar connections are made to all the other pins of the 
integrated circuit package 110. 
The conductor 204 forms a metallic plate, which acts 

as one plate of a capacitor. The other plate of the capac 
itor is the electrode 106, here illustrated by dashed lines, 
indicating that the conductor 106 is placed over the top 
of the integrated circuit package 110. Although the 
capacitor created in this manner is small, it is suf?cient 
to conduct a signal between the electrode 106 to the pin 
112. 
FIG. 4 shows an integrated circuit package and asso 

ciated printed circuit traces that connect the lead to 
other circuits. An integrated circuit package 402 con 
tains a pin 404 which is to be tested using the system of 
the present invention. The pin 404 is connected to a 
printed circuit wiring trace 408 which connects it to 
other components on the printed circuit board. 
Through a bed of nails ?xture (not shown), a connec 
tion is made to the printed circuit trace 408 at a location 
418. A connection is made through the bed of nails 
?xture between the common signal return of the oscilla 
tor 104 (FIG. 1) and a printed circuit trace 424 which is 
attached to a power or ground connection of the inte 
grated circuit 402. Typically the power or ground 
printed circuit trace is directly connected to a ground 
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or power plane of the printed circuit board. In other 
cases the power or ground circuit trace 424 is con 
nected to the power or ground planes through a low 
impedance such as a capacitor or resistor (not shown). 
An electrode 420, here illustrated by dashed lines, is 
placed over the integrated circuit package 402 and con 
nected to an ammeter (not shown in FIG. 4), as de 
scribed above with respect to FIG. 1. The bed of nails 
?xture (not shown) connects the printed circuit trace 
408 at 418 and the oscillator output. The signal on the 
printed circuit trace 408 is conducted to the pin 404 if a 
soldered connection between the trace 408 and the pin 
404 has been made at the point that the pin 404 contacts 
the printed circuit board. The current will then flow 
through the capacitance between the conductor 404 
inside the integrated circuit package 402 and the con 
ductive electrode 420. The current then flows through 
the ammeter (not shown) and returns to the common 
signal return of the oscillator. The resulting current 
measured by the ammeter is indicative of the solder 
connection between the integrated circuit pin 404 and 
the printed circuit trace 408. A reading lower than the 
lower predetermined limit will be indicative of a open 
solder joint. 

Typically the printed circuit traces on a printed cir 
cuit board will have stray capacitances associated with 
them. Examples of these capacitances between traces 
are shown in FIG. 4 with dashed lines for capacitors 
412, 414 and 416. Other capacitances (not shown) are 
found between the printed circuit traces and the ground 
plane of the printed circuit board due to proximity of 
the traces to the ground plane which is often intentional 
to provide controlled impedance characteristics. Still 
other capacitances (not shown) are found within the 
integrated circuit itself, both between pins of the inte 
grated circuit and from the connections pins of the 
integrated circuit to its ground (typically the substrate) 
connection. This ground connection is usually con 
nected, by design, through a low impedance path to one 
or more conductive planes on the circuit assembly Ca 
pacitors 412, 414, and 416, as well as capacitors internal 
to the integrated circuit connected from pin 424 to the 
pin being tested 404 and from pin 422 to the pin being 
tested 404, provide potential paths for the oscillator to 
inject capacitively into the electrode 420, thereby pres 
enting a small capacitive reading even when the solder 
joint being tested is open. The above described connec 
tion between the common signal return of the oscillator 
and the ground or power plane of the printed circuit 
board allows the shunting capacitors, as well as their 
parallel counterparts inside the integrated circuit, to 
greatly attenuate the spurious oscillator signals present 
on pins 424 and 422 of the integrated circuit. Typical 
values for the capacitors 412, 416, and 414 would be 
around 10 pF depending on length and spacing of the 
traces. 

In general, as many circuit assembly nodes as possible 
should be attached to the common signal return. Care 
should be taken that such nodes do not effectively 
“short out" the signal supplying means. 

If the circuit assembly node attached to the compo 
nent pin being tested is not attached to devices contain 
ing semiconductor junctions, the signal means may be 
set to an amplitude higher than 0.2 volts RMS. This 
higher amplitude will result in a higher measured signal, 
improving the signal to noise ratio and lowering the 
measurement uncertainty. In other instances semicon 
ductor junctions which turn on at lower voltage levels 
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may be present at this node. In this case the amplitude 
must be lowered until the junctions are no longer turned 
on. 

Leads should be dressed and shielded such that unde 
sired capacitances between the signal supplying means 
and the measuring means are minimized. In general, the 
connections to the signal supplying and measuring 
means should be kept as short as possible. 

Limits may be determined empirically from a study of 
responses related to particular component package 
types with particular electrode con?gurations in a 
known good environment. These responses should have 
guard bands established to allow for measurement error 
and lot to lot variations in the circuit assembly and the 
components of the assembly. 

If the design of the current measuring device is such 
that its input impedance is much lower, say ten times, 
than the impedance of any stray capacitances in parallel 
with it, the errors due to currents in those parallel ca 
pacitances will have a negligible effect on the measure 
ment accuracy An inverting operational ampli?er cur 
rent to voltage converter with a resistive feedback is 
one such implementation. 
FIG. 5 shows a diagram of the invention when used 

to test an entire printed circuit board. Referring now to 
FIG. 5, a printed circuit board 500 contains a plurality 
of integrated circuits 506, 508, 510, etc. A board 501, 
which contains a plurality of electrodes 502, 503, 504, 
etc., is placed over the top of the printed circuit board 
500. A bed of nails tester 503, containing a plurality of 
probe pins 512, 514, etc., is brought into contact with 
the bottom of the printed circuit board 500 to connect 
to the printed circuit wiring traces on the printed circuit 
board 500. An oscillator 518 supplies a current to a 
selector 516. The selector 516 has a plurality of outputs, 
one for each of the metallic electrodes on the board 501. 
A cable 517, containing wires to connect to all the elec 
trodes, connects the output of the selector to the board 
501. A multiplexor 520 contains a series of inputs, one 
for each of the pins on the bed of nails tester 503. The 
output of the multiplexor is connected to a current 
measuring device 522. A controller 524 is connected to 
the oscillator 518, the selector 516, the multiplexor 520, 
and the current measuring device 522. 
To test all the integrated circuits on the printed cir 

cuit board 500, the controller ?rst selects one of the 
electrodes on the board 501 by programming the selec 
tor 516. The controller then activates the oscillator 518 
to supply a current through the selector 516 to the 
electrode on the board 501 which is directly over the 
top of the integrated circuit being tested. The controller 
524 then selects one of the pins from the bed of nails 
tester 503 by programming the multiplexor 520. The pin 
selected will be the pin that connects to a printed circuit 
board trace on the printed circuit board 500 which is 
connected to the particular pin of the particular inte 
grated circuit being tested. After the multiplexor is 
programmed to select the correct pin, the controller 
activates the current measuring device 522 to determine 
whether the proper amount of current is present on the 
printed circuit board trace on the board 500. The cor 

‘rect amount of current is determined, as described 
above with respect to FIG. 4, by ?rst determining the 
amount of shunt current (using a fully functional board 
in a separate test) that will be capacitively coupled to 
the trace and then determining whether the current 
measured exceeds the shunt current. 
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This process is then repeated for each pin of each 

integrated circuit on the board. It is important to note 
that this process is independent of the integrated circuit 
family, and easily tests TTL, CMOS, etc., and can test 
multiple families on the same printed circuit board. 
FIGS. 6A through 6C will now be used to explain an 

important aspect of the present invention that distin 
guishes apparatus in accordance with the present inven 
tion from prior art apparatus that employ capacitive 
coupling for checking connections of an unloaded 
printed circuit board, for example, the apparatus dis 
closed by M. Rignall in UK. Patent Application GB 
2143954A, which teaches the use of capacitive coupling 
to test unloaded printed circuit boards for trace continu 
ity. FIG. 6A depicts in a simpli?ed manner the use of 
the present invention in checking a solder joint 530 of a 
pin 112 of an IC 110. A probe 540 of a current or volt 
age detector 550 is placed in electrical contact with a 
trace to which the pin 112 is soldered at solder joint 530. 
Detector 550 comprises a measuring operational ampli 
?er (with feedback) and a microprocessor or other 
means for computing a capacitanceyalue on the basis of 
the current detected at the probed point. An important 
feature of the detector 550 is that it holds the probed 
point to virtual ground (i.e., looking into the probe 540, 
the detector appears to have negligible impedance to 
ground). Alternatively, the probed point may be con 
nected to a common return of the oscillator, or signal 
generator 104. 
FIGS. 6B and 6C depict electrical equivalent circuits 

for the case in which the solder joint 530 is a “good” 
solder joint (FIG. 6B) and the case in which the solder 
joint is a “bad” solder joint (FIG. 6C). Referring now to 
FIG. 6B, the capacitance from the electrode 106 to the 
lead frame (not shown) of the IC die 110 is represented 
by capacitor Cur. The parasitic capacitance from the IC 
die to the ground of the die is represented by capacitor 
Cp. The virtual ground (or connection to the common 
return of the signal generator) that appears when the 
detector 550 is in contact with the solder joint 530 is 
indicated by the broken line in FIG. 6B. Thus, a good 
solder joint 530 is effectively a short circuit from the 
probe 540 to the lead frame capacitance CLF, The para 
sitic capacitance Cp will typically be between 3 and 20 
pF and may be as high as 200 pF, depending on the 
structure of the IC die 106. The capacitance measured 
by the detector 550, assuming a good solder joint, will 
typically be approximately 0.12 pF (this example as 
sumes that all pins of the IC die 110 are grounded except 
for the pin whose solder joint is being measured, how 
ever this is not essential to the practice of the invention). 

FIG. 6C is a schematic diagram of an electrical equiv 
alent circuit for the case of a bad solder joint 530'. Such 
a bad solder joint may present a capacitance C] of up to 
l pF to the detector 550. In this case, the parasitic ca 
pacitance Cp will not be virtually shorted to ground as 
was the case with the equivalent circuit of FIG. 6B, but 
instead will present a relatively low impedance path to 
ground for the current flowing out of the lead frame 
capacitance CLF. This is because the parasitic capaci 
tance is typically much larger than the capacitance of 
the bad solder joint 530'. In this situation, the detector 
550 will typically measure a capacitance of less than 
0.020 pF. 

It has been discovered that the range of capacitance 
(CLF) measured with “good” joints is approximately 
0.040-0.2 pF, depending on the dielectric of the die 110 
and the structure of the lead frame of the die. In connec 
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tion with one embodiment of the invention, a measured 
capacitance of less than about 0.020 pF has been deter 
mined to be a useful threshold for indicating a bad sol 
der joint. In addition, conventional network analysis 
reveals that, for a bad solder joint, the solder joint ca 
pacitance CJand threshold capacitance Crare related as 
follows: 

Therefore, without the parasitic die capacitance (i.e., 
Cp=0) and with CT=0.02 pF and Cu==0.l2 pF, the 
solder joint must have a capacitance C] of less than 
approximately 0.024 pF. (In this case the sensitivity of 
the detector should be at least approximately 0.002 pF.) 
However, many defective surface mount solder joints 
have a capacitance greater than 0.024 pF. Therefore, by 
employing the parasitic die capacitance Cpas described 
above, apparatus in accordance with the present inven 
tion can reliably detect bad solder joints with up to a 
predetermined capacitance (e.g., l pF), where the pre 
determined capacitance is a function of the parasitic 
capacitance of the die. 
Having thus described presently preferred embodi 

ments of the present invention, it will now be appreci~ 
ated that the objects of the invention have been fully 
achieved, and it will be understood by those skilled in 
the art that many changes in construction and circuitry 
and widely differing embodiments and applications of 
the invention will suggest themselves without departing 
from the spirit and scope of the present invention. The 
disclosures and the description herein are intended to be 
illustrative and are not in any sense limiting of the in 
vention, more preferably de?ned in scope by the fol 
lowing claims. 
What is claimed is: 
l. A system for measuring the integrity of an electri 

cal contact between an electrical connection pin of an 
electrical component and a ?rst node of a circuit assem 
bly, said system comprising: 

(a) signal supplying means, comprising an output and 
a common signal return, for supplying an electrical 
current via said output to a pin of said electrical 
component; 

(b) an electrical connection between a second node of 
the circuit assembly and said common signal return 
of said signal supplying means; 

(c) a conductive electrode comprising a surface 
adapted to be placed in a ?xed position in proxim 
ity to a surface of said pin; and 

(d) measuring means, operatively coupled to said 
conductive electrode, for measuring a parameter 
indicative of a capacitance associated with connec 
tion of said pin to said circuit assembly, said capaci 
tance being indicative of the integrity of the electri 
cal connection between said pin and said circuit 
assembly. 

2. The system of claim 1, further comprising error 
indicating means for indicating an error condition 
whenever said parameter is not within predetermined 
limits. 

3. The system of claim 1, further comprising means 
for connecting at least one other node of said circuit 
assembly to said common signal return. 
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4. The system of claim 1, 

means comprises means for 
current. 

5. The system of claim 1, 
means comprises means for 
voltage. 

6. The system of claim 1, wherein said measuring 
means is connected between said common signal return 
and said conductive electrode. 

7. The system of claim 6, wherein said measuring 
means further comprises means for holding said compo 
nent to a virtual ground potential. 

8. The system of claim 7, wherein said measuring 
means further comprises a measuring operational ampli 
?er and a microprocessor, said operational ampli?er 
comprising an input terminal adapted to receive a signal 
indicative of said parameter and an output terminal 
operatively coupled to said microprocessor, said micro 
processor comprising means for computing a capaci 
tance value on the basis of an output signal of said oper 
ational ampli?er. 

9. A system for measuring the integrity of an electri 
cal contact between a ?rst electrical connection pin of 
an electrical component and a ?rst node of a circuit 
assembly, said system comprising: 

(a) signal supplying means, comprising an output and 
a common signal return, for supplying an electrical 
current via said output; 

(b) an electrical connection between a second node of 
the circuit assembly and said common signal return 
of said signal supplying means; 

(c) a conductive electrode, coupled to said output of 
said signal supplying means, comprising a surface 
adapted to be placed in a ?xed position in proxim 
ity to a surface of said pin; and 

(d) measuring means, operatively coupled to said ?rst 
pin, for measuring a parameter indicative of at ca 
pacitance associated with the connection of said 
pin to said circuit assembly, said capacitance being 
indicative of the integrity of the electrical connec 
tion between said pin and said circuit assembly. 

10. The system of claim 9, further comprising error 
indicating means for indicating an error condition 
whenever said parameter is not within predetermined 
limits. 

11. The system of claim 9, further comprising means 
for connecting at least one other node of said circuit 
assembly to said common signal return. 

12. The system of claim 9, wherein said measuring 
means comprises means for measuring an electrical 
current. 

13. The system of claim 9, wherein said measuring 
means comprises means for measuring an electrical 
voltage. 

14. The system of claim 9, wherein said measuring 
means is connected between said common signal return 
and said ?rst pin. 

15. A method for measuring the integrity of an elec 
trical contact between an electrical connection pin of an 
electrical component and a ?rst node of a circuit assem 
bly, said method comprising the steps of: 

(a) placing a conductive electrode in a ?xed position 
in proximity to a surface of said pin; 

(b) supplying an electrical current from a signal gen~ 
erator to said conductive electrode; 

(c) electrically connecting a second node of said cir 
cuit assembly to a common signal return of said 
signal generator; and 

wherein said measuring 
measuring an electrical 

wherein said measuring 
measuring an electrical 
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(d) measuring a parameter indicative of a capacitance 
associated with the connection of said connection 
pin to said circuit assembly. 

16. The method of claim 15, further comprising the 
step of indicating an error condition whenever said 
parameter is not within predetermined limits. 

17. The method of claim 15, further comprising the 
step of connecting at least one other pin of said compo 
nent to said common signal return. 

18. The method of claim 15, wherein the measuring 
step (d) comprises measuring an electrical current. 
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19. The method of claim 15, wherein the measuring 

step (d) comprises measuring an electrical voltage. 
20. The method of claim 15, wherein the measuring 

step (d) comprises measuring said parameter between 
said common signal return and said electrical compo 
nent. 

21. The method of claim 15, wherein the measuring 
step (d) comprises measuring the parameter between 
said conductive electrode and said common signal re 
turn. 

a a: a t t 


